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Moyamoya disease (MMD) is characterized by 
the progressive occlusion of the internal carotid 
artery or its terminal branches with spontaneous 
development of a collateral vascular network4,15,20). 
MMD has two age distribution peaks at around 5 
and 40 years and is predominant in females.  In 
children, the clinical presentation of MMD disease 
usually includes repeated transient ischemic at-­
tacks (TIAs) or seizures whereas adults present 
with intracranial hemorrhage usually in basal 
ganglia.  The incidence of the disease in Japan is 
between 0.54-­0.94/100,000/year1,21).  Outside of Ja-­
pan, the incidence is about one-­tenth of that seen 
in the Japanese population2,3,6,10,18).
The goal of surgical intervention in MMD is to 
LPSURYHEORRGÁRZWRK\SRSHUIXVHGFHUHEURYDVFX-­
lar territories, and includes direct and indirect re-­
vascularization16).  Direct revascularization is the 
procedure of choice of many authors over indirect 
revascularization whenever possible7,12).  The long-­
term outcome in patients who have undergone di-­
rect revascularization as a treatment of MMD was 
satisfactory with regard to activities of daily living 
(ADL)14).  Patients with MMD often complain of 
headache before and/or after surgery.  However, 
the actual pathophysiology of headache before and 
DIWHUVXUJLFDOWUHDWPHQWKDVQRW\HWEHHQFODULÀHG
We performed a retrospective analysis on ten pe-­
diatric cases of MMD who underwent revascular-­
ization surgery and herein present their clinical 
characteristics and outcomes after revasculariza-­
tion surgery, with special reference to headache.
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From 2009 to 2013, 10 patients (7 boys and 3 
girls) younger than 18 years with MMD were treat-­
ed at the Department of Neurosurgery, Kagoshima 
University Hospital.  Thorough chart review of the 
patients’ data including the clinical features, inves-­
tigations, surgical procedures and follow-­up was 
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ABSTRACT
Episodic headache is common in childhood moyamoya disease (MMD).  The onset, mechanism, 
cause of headache and the effect of revascularization surgery on headache are not yet clear.  We 
studied 10 cases of children (7 boys and 3 girls) younger than 18 years who underwent 
revascularization for MMD between 2009 and 2013.  We evaluated frequency of headache and 
FHUHEUDOEORRGÁRZFKDQJHVE\VLQJOHSKRWRQHPLVVLRQFRPSXWHGWRPRJUDSK\EUDLQLPDJLQJZLWK
[I123]-­labeled iofetamine (IMP-­SPECT) before and after surgery.  Patients’ ages ranged from 0 
to 15 years at onset and 2 to 17 years at the time of surgery, mean age being 6.7 and 8.0 years 
respectively.  9 of 10 patients presented with ischemic symptoms and 8 had headache.  5 patients 
underwent indirect bypass and 5 underwent combined direct and indirect bypass.  Cerebral 
EORRGÁRZLPSURYHPHQWZDVREWDLQHGLQRIWKHFHUHEUDOKHPLVSKHUHVUHYDVFXODUL]HG7KH
mean follow-­up duration was 32.9 months.  All the patients had good outcomes with 
improvement of ischemic neurological deficits.  Headache improved in 7 (87.5%) of 8 patients. 
Headache in pediatric moyamoya disease is associated with change in cerebral hemodynamics. 
Revascularization including combined direct bypass and indirect techniques may be required to 
reduce headache in patients with MMD.
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opment of collaterals and IMP-­SPECT was ob-­
tained to evaluate the change in cerebral hemo-­
dynamics.  If headache disturbed daily activities, 
required rest and/or medication, and occurred at 
OHDVWRQFHDPRQWKLWZDVFRQVLGHUHGWREHVLJQLÀ-­
cant.  We excluded the pain related to surgery.
This retrospective study was approved by the 
ethical committee of Kagoshima University Grad-­
uate School of Medical and Dental Sciences (refer-­
ence No. 505).
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(Table 1 and Table 2)
Patients’ ages ranged from 0 to 15 years at onset 
and 2 to 17 years at the time of surgery, mean age 
being 6.7 and 8.0 years respectively.  9 of a total 10 
patients had clinical presentation of brain ischemia, 
including numbness and weakness of extremities. 
8 patients had headache, with associated vomiting 
in 6 cases.  MRA revealed stenotic arteries and 
IMP-­SPECT demonstrated hemodynamic abnor-­
malities with signs of hypoperfusion in all cases. 
performed.  All the patients underwent neurological 
examination, computed tomography (CT) and/or 
magnetic resonance imaging (MRI), magnetic reso-­
nance angiography (MRA), transcranial Doppler 
sonography (TCD), four-­vessel digital subtraction 
angiography (DSA) and N-­isopropyl-­p-­[123I]iodoam-­
phetamine single-­photon emission computed tomog-­
raphy (IMP-­SPECT) before surgery.
Surgery was usually performed initially in the 
symptomatic and hemodynamically affected hemi-­
VSKHUH&RPELQHGGLUHFWVXSHUÀFLDOWHPSRUDODUWHU\
and middle cerebral artery cortical branch (STA-­
MCA) bypass) and/or indirect cerebral revasculari-­
zation (encephalo-­duro-­arterio-­myo-­synangiosis 
(EDAMS) or encephalo-­duro-­arterio-­myo-­periosteal-­
synangiosis (EDAMPS) methods) were employed. 
In four patients who underwent bilateral revascu-­
larization, surgery was performed on the contra-­
lateral hemisphere within one month of the initial 
revascularization.  In cases with signs of bilateral 
hypoperfusion on IMP-­SPECT, surgery was opted 
for the side with more severe involvement and re-­
VSRQVLEOHIRUWKHQHXURORJLFDOGHÀFLWLQWKHSDWLHQW
Follow-­up MRA was performed to check the devel-­
7DEOH Clinical and SPECT features of the patients
Case Age (y) /sex
Age at 
surgery (y) 1HXURORJLFDOGHÀFLW Headache Vomiting
Hypoperfusion area on SPECT
Right Left
1 0/F 2 Weakness of left upper limb and right upper 
and lower limbs
(–) (–) ACA/MCA/
PCA
MCA
2 2/M 3 Weakness of right upper limb (–) (–) (–) MCA
3 4/M 4 Weakness of left upper and lower limbs, 
cataplectic attack with crying
(+) (+) MCA ACA/MCA
4 4/M 6 Weakness of both lower limbs, fall attack (+) (+) ACA/MCA MCA
5 6/M 7 Weakness right upper limb, fall attack (+) (+) (–) ACA/MCA
6 8/M 8 Impaired consciousness, involuntary 
movements of left upper limb
(+) (+) MCA (–)
7 6/M 8 Weakness and numbness of left upper limb (+) (+) MCA ACA/MCA
8 10/M 11 Left arm weakness (+) (–) ACA/MCA ACA/MCA
9 12/F 14 (–) (+) (+) (–) MCA
10 15/F 17 Involuntary movements of the extremities, 
weakness of left side of body
(+) (–) ACA/MCA ACA/MCA
SPECT: single photon emission computed tomography;; ACA: anterior cerebral artery;; MCA: middle cerebral artery;; 
PCA: posterior cerebral artery
7DEOH Operation and postoperative outcome of the patients
Case Revascularization procedure Improvement on postoperative SPECT
Improvement of headache 
postoperatively
1 B/L EDAMPS (+) *
2 Lt EDAMPS (+) *
3 Rt STA-­MCA bypass & EDAMPS (+) (+)
4 B/L STA-­MCA bypass & EDAMPS (+) (+)
5 B/L EDAMPS (+) (+)
6 Rt EDAS (–) (–)
7 Rt STA-­MCA bypass & EDAMS;; 
After 2 years, Lt STA-­MCA bypass & EDAMS
(+) (+)
8 Rt STA-­MCA bypass & EDAMS (+) (+)
9 Lt EDAMS (+) (+)
10 B/L STA-­MCA bypass & EDAMS (+) (+)
Rt: right;; Lt: left;; B/L: bilateral;; EDAS: encephalo-­duro-­arterio-­synangiosis;; EDAMPS: encephalo-­duro-­arterio-­myo-­periosteal-­
V\QDQJLRVLV('$06HQFHSKDORGXURDUWHULRP\RV\QDQJLRVLV67$VXSHUÀFLDOWHPSRUDODUWHU\0&$PLGGOHFHUHEUDODUWHU\
*: Headache was not present preoperatively
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Case 6
An 8-­year-­old boy presented with a chief com-­
plaint of headache and vomiting every morning, 
general malaise, and loss of consciousness while 
playing the pianica in a music class with a cata-­
plectic attack involving the left upper limb.  MRA 
and DSA showed mild stenosis of right MCA with 
LQWDFWGLVWDOEORRGÁRZ)LJD	F,0363(&7
at rest showed hypoperfusion in the right cerebral 
hemisphere compared with the contralateral side 
and corresponded with the stenotic area on MRA 
(Fig. 3b).  Indirect cerebral revascularization (right 
EDAS) was performed.  Post-­operative MRA did 
not show significant collateral development (Fig. 
4a) and IMP-­SPECT did not reveal any remarkable 
improvement in cerebral blood flow on the right 
side (Fig. 4b).  Postoperatively, the neurological def-­
icit improved but headache has been persistent and 
he has been on regular follow-­up.
',6&866,21
Childhood MMD mainly presents as symptoms 
of cerebral ischemia with repeated transient isch-­
emic attacks or seizures whereas adults mainly 
present with intracranial hemorrhage.  While it is 
unclear whether adult MMD represents a progres-­
sion from the juvenile form, one theory suggests 
that the bleeding in adults occurs from the break-­
down of collateral vessels formed at a younger age8).
Headache is one of the commonest symptoms of 
moyamoya disease, especially in children9,17,22). 
Seol et al reported that headache was documented 
in 44 (21.6%) of 204 pediatric patients with moya-­
moya disease.  They also described the clinical 
course of headache in pediatric moyamoya disease 
as having the following features: (i) a coexisting 
stage of headache and TIA;; (ii) the second stage of 
KHDGDFKHRQO\DQGLLLWKHÀQDOVWDJHRILPSURYH-­
ment or disappearance of headache17).  Kawabori 
et al reported that headache attack was seen in 11 
(38%) of 29 pediatric patients9).  Headache was the 
most common presenting symptom in 40% of 10 
children presenting with MMD in a report by 
Yamashiro et al22).  An epidemiological study of 
MMD in Taiwan by Hung et al documented that 
headache was present in about 49% of the patients6). 
44% of 96 pediatric patients presented with head-­
ache in a large series of a total 450 patients by Guz-­
man R et al5).  According to Matsushima et al, the 
majority of headaches were localized in the frontal 
(40%) or temporal region (25%) and headache affect-­
ed ADL in about 60% of the patients13).  In our 
study, headache was present in 80% (8 of 10) of the 
patients and was associated with vomiting in 60% (6 
of 10).
The pathophysiological mechanism of headache in 
MMD remains unclear, but it has been suggested 
that dilatation of the meningeal collaterals stimu-­
All the patients underwent revascularization sur-­
gery.  Direct revascularization (STA-­MCA bypass) 
combined with indirect (EDAMS or EDAMPS) was 
performed in 5 cases and indirect revascularization 
alone was performed in 5 cases.  Bilateral proce-­
dures were performed in four cases: combined di-­
rect and indirect methods in two and indirect alone 
in two.  There were no major postoperative compli-­
cations.
The mean follow-­up period was 32.9 months 
UDQJHPRQWKV ,VFKHPLFQHXURORJLFDOGHÀ-­
cits improved in all the patients.  Postoperative 
headache was found in only 12.5% (1 of 8) of the 
patients with preoperative headache and there 
was no case of postoperative headache in the pa-­
tients without preoperative headache.  One patient 
with persistent postoperative headache (Case 6) 
ZDVIRXQGWRKDYHQRLPSURYHPHQWRIEORRGÁRZRQ
postoperative SPECT although his neurological 
GHÀFLWLPSURYHGDIWHUHQFHSKDORGXURDUWHULRV\Q-­
angiosis (EDAS).  The other 9 patients showed an 
improvement in cerebral perfusion on postopera-­
tive IMP-­SPECT.  One patient (Case 7) presented 
ZLWKFRQWUDODWHUDOV\PSWRPVRIQHXURORJLFDOGHÀFLW
two years after the surgery and underwent re-­
operation (combined left STA-­MCA bypass and 
('$036ZLWKLPSURYHPHQWRIWKHGHÀFLWSRVWRS-­
eratively.
,//8675$7,9(&$6(6
Case 3
A 4-­year-­old boy was brought to our hospital with 
crying associated with cataplectic attacks involving 
the left upper and lower limbs on a weekly basis. 
There was also a history of morning headache and 
vomiting.  Fluid attenuated inversion recovery 
(FLAIR) (Fig. 1a) and T2-­weighted MRI showed 
infarction in the right fronto-­parietal region (Fig. 
1b).  MRA (Fig. 1c) and DSA (Fig. 1d) showed se-­
vere stenosis of the right MCA with compromised 
GLVWDOEORRGÁRZDQGPLOGVWHQRVLVRIWKHOHIWDQWH-­
rior cerebral artery (ACA) and the left MCA with 
LQWDFWGLVWDOEORRGÁRZ7KHÀQGLQJVRIK\SRSHUIX-­
sion on IMP-­SPECT accorded with infarction areas 
on MRI (Fig. 1e).  Right STA-­MCA bypass (Fig. 2a) 
along with EDAMPS was performed.  Near infra-­
red indocyanine green (ICG) videoangiography 
GXULQJVXUJHU\FRQÀUPHGWKHSDWHQF\RI67$0&$
anastomosis (Fig. 2b).  The dura mater, temporal 
muscle, and frontal pericranium were used as the 
donor tissues for indirect bypass.  The postopera-­
tive course was uneventful.  Postoperative MRA 
showed well-­developed collaterals through both the 
direct and indirect bypass (Fig. 2c).  IMP-­SPECT 
also revealed improved cerebral blood flow on the 
right side (Fig. 2d).  Headache and other neurologi-­
cal symptoms disappeared after surgery.
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)LJ PreoperativHUDGLRORJLFDOÀQGLQJVRI&DVH
(a) Magnetic resonance angiography (MRA) showed 
mild stenosis of right MCA with intact distal blood 
ÁRZE1LVRSURS\Op-­[123I]iodoamphetamine single-­
photon emission computed tomography (IMP-­SPECT) 
at rest showed hypoperfusion in the right cerebral 
hemisphere compared to the contralateral side. (c) 
Digital subtraction angiography (DSA) demonstrated 
mild stenosis of right MCA with intact distal blood 
ÁRZ
)LJ Intraoperative and postRSHUDWLYHÀQGLQJVRI
Case 3.
,QWUDRSHUDWLYHSLFWXUHVVKRZLQJDULJKWVXSHUÀFLDO
temporal artery to middle cerebral artery (STA-­MCA) 
anastomosis and (b) near infrared indocyanine green 
(ICG) videoangiography confirming the patency of 
STA-­MCA anastomosis.  (c) Postoperative magnetic 
resonance imaging (MRA) showed well developed 
collaterals through both direct and indirect bypass. 
(d) Postoperative N-­isopropyl-­p-­[123I]iodoamphetamine 
single-­photon emission computed tomography (IMP-­
63(&7DWUHVWUHYHDOHGLPSURYHGFHUHEUDOEORRGÁRZ
in the right cerebral hemisphere.
)LJ3UHRSHUDWLYHUDGLRORJLFDOÀQGLQJVRI&DVH
(a) Fluid attenuated inversion recovery (FLAIR) and 
(b) T2-­weighted magnetic resonance imaging (MRI) 
showed infarction in right fronto-­parietal region.  (c) 
Magnetic resonance angiography (MRA) and (d) 
digital subtraction angiography (DSA) showed severe 
stenosis of right MCA with compromised distal blood 
ÁRZDQGPLOGVWHQRVLVRIOHIWDQWHULRUFHUHEUDODUWHU\
$&$DQGOHIW0&$ZLWKLQWDFWGLVWDOEORRGÁRZH
N-­isopropyl-­p-­[123I]iodoamphetamine single-­photon 
emission computed tomography (IMP-­SPECT) at rest 
demonstrated the findings of hypoperfusion in the 
areas corresponding with infarction areas on MRI.
)LJ PostoperatLYHUDGLRORJLFDOÀQGLQJVRI&DVH
(a) Post-­operative magnetic resonance angiography 
(MRA) did not show significant collateral de vel op-­
ment. (b) N-­isopropyl-­p-­[123I]iodoamphetamine single-­
photon emission computed tomography (IMP-­SPECT) 
did not reveal any remarkable improvement in 
FHUHEUDOEORRGÁRZRQWKHULJKWVLGH
43Headache in Pediatric Moyamoya Disease
ture.  The mechanism of newly developed headache 
after surgery in MMD is not yet clear.  Kawabori et 
al documented that 1 (5.5%) out of 18 patients with-­
out preoperative headache started a headache after 
surgery9).  Seol et al reported that 10 (6.3%) of 160 
patients without preoperative headache developed 
postoperative headache and speculated that the 
dilation of some collateral vessels may progress even 
after surgery giving rise to newly developed or re-­
current headaches17).  Further research is necessary 
to elucidate the exact mechanisms of headache, 
either preoperative or postoperative, in MMD.
The most important limitation of this study is the 
small number of patients and our study also carries 
the limitations inherent in a study of a retrospective 
nature.  Furthermore, we presented a single institu-­
WLRQDOH[SHULHQFHPDNLQJWKHVHUHVXOWVGLIÀFXOWWR
generalize.  Nevertheless, this study demonstrates 
WKDWUHYDVFXODUL]DWLRQLPSURYHVQHXURORJLFDOGHÀFLWV
and headache in most of the children with MMD 
and that direct combined with indirect techniques 
might be more important for wider revasculariza-­
tion, especially in patients with headache.
&21&/86,21
Headache in pediatric MMD seems to be associ-­
ated with disturbance in cerebral hemodynamics. 
Revascularization surgery in patients with MMD 
carries a low risk, and is effective for preventing fu-­
ture ischemic events including headache.  Combined 
direct bypass and indirect techniques are preferable 
to indirect techniques alone to revascularize a wid-­
er area with cerebral ischemia, especially in pa-­
tients with headache.  Inclusion of a greater number 
of patients and further longitudinal follow-­up will 
KHOSWRGHGXFHPRUHGHÀQLWLYHFRQFOXVLRQVLQIXWXUH
&RQÁLFWVRI,QWHUHVW'LVFORVXUH
7KHDXWKRUVGHFODUHWKDWWKHUHLVQRFRQÁLFWRI
interest regarding the publication of this paper.
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PD\QRWEHVXIÀFLHQWWRLPSURYHKHPRG\QDPLFVLQ
the frontal lobe7,9,12), which is the most common loca-­
tion of headache in patients with MMD13).  Hence, 
direct techniques combined with indirect might 
play a vital role in improving headache in pediat-­
ric patients with MMD.
In our study, there was no patient without preop-­
erative headache who experienced postoperative 
headache.  However, newly developed postoperative 
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44 M. Bohara et al
-1R]DNL.+DVKLPRWR1HWDO 1998. Long-­term 
outcome after STA-­MCA anastomosis for moyamoya 
disease. Neurosurg. Focus 5: e5.
15. 6DWRK66KLEX\D+0DWVXVKLPD<DQG6X]XNL
6 1988. Analysis of the angiographic findings in 
cases of childhood moyamoya disease. Neuroradiolo-­
gy : 111-­119.
16. 6FRWW50 2001. Surgery for moyamoya syndrome: 
Yes. Arch. Neurol. 58: 128-­129.
17. 6HRO+-:DQJ.&.LP6.+ZDQJ<6.LP
.-DQG&KR%. 2005. Headache in pediatric 
moyamoya disease: review of 204 consecutive cases. J. 
Neurosurg. : 439-­442.
18. 6KRXNDW6,WUDW$7DTXL$0=DLGL0DQG
.DPDO$. 2009. Moyamoya disease: a clinical 
spectrum, literature review and case series from a 
tertiary care hospital in Pakistan. BMC Neurol. : 15.
19. 6PLWK(5DQG6FRWW50 2005. Surgical manage-­
ment of moyamoya syndrome. Skull Base : 15-­26.
20. 6X]XNL-DQG7DNDNX$ 1969. Cerebrovascular 
moyamoya disease: disease showing abnormal net-­
like vessels in base of the brain. Arch. Neurol. : 
288-­299.
21. :DNDL.7DPDNRVKL$,NH]DNL.)XNXL0
.DZDPXUD7$RNL5HWDO 1997. Epidemiological 
features of moyamoya disease in Japan: Findings 
from a nationwide survey. Clin. Neurol. Neurosurg. 
6XSSO: S1-­S5.
22. <DPDVKLUR<7DNDKDVKL+DQG7DNDKDVKL.
1984. Cerebrovascular moyamoya disease. Eur. J. 
Pediatr. : 44-­50.
23. <DVDUJLO0*DQG<RQHNDZD< 1977. Results of 
microsurgical extraintracranial arterial bypass in 
the treatment of cerebral ischemia. Neurosurgery : 
22-­24.
after 450 revascularization procedures for moyamoya 
disease. Clinical article. J. Neurosurg. : 927-­935.
6. +XQJ&&7X<.6X&)/LQ/6DQG6KLK
&- 1997. Epidemiological study of moyamoya dis-­
ease in Taiwan. Clin. Neurol. Neurosurg. 6XSSO: 
S23-­S25.
7. ,VKLNDZD7+RXNLQ..DPL\DPD+DQG$EH
+ 1997. Effects of surgical revascularization on 
outcome of patients with pediatric moyamoya dis-­
ease. Stroke 28: 1170-­1173.
8. ,ZDPD70RULPRWR0+DVKLPRWR1*RWR<
7RGDND7DQG6DZDGD0 1997. Mechanism of 
intracranial rebleeding in moyamoya disease. Clin. 
Neurol. Neurosurg. 6XSSO: S187-­S190.
9. .DZDERUL0.XURGD61DND\DPD1+LUDWD
.6KLJD7+RXNLQ.HWDO 2013. Effective sur-­
gical revascularization improves cerebral hemodynamics 
and resolves headache in pediatric moyamoya disease. 
World Neurosurg. : 612-­619.
10. .UDHPHU0+HLHQEURN:DQG%HUOLW3 2000. 
Moyamoya disease in Europeans. Stroke : 3193-­3200.
11. /RHE&*DQGROIR&DQG'DOO·$JDWD' 1985. 
Headache in transient ischemic attacks (TIA). Ceph-­
alalgia 5: 17-­19.
12. 0DWVXVKLPD7,QRXH7,NH]DNL.0DWVXNDGR
.1DWRUL<,QDPXUD7HWDO 1998. Multiple com-­
bined indirect procedure for the surgical treatment of 
children with moyamoya disease. A comparison with 
single indirect anastomosis with direct anastomosis. 
Neurosurg. Focus 5: e4.
13. 0DWVXVKLPD<$R\DJL01DULDL71RMLUL7
DQG2KQR. 2000. Headache in pediatric moyamoya 
patients: pre-­ and postoperative changes. Nerv. Syst. 
Child (Jpn.) 25: 442-­447.
14. 0L\DPRWR6$NL\DPD<1DJDWD,.DUDVDZD
